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Carbon  black  mill. 

@)  Apparatus  for  reducing  the  size  of  oversize  particles  in  a 
gas  stream  containing  entrained  finely  divided  particulates  of 
which  the  oversize  particles  constitute  a  minor  fraction  com- 
prises  a  rotor  having  hammer  members  mounted  thereon,  a 
volute  entry  chamber  surrounding  the  rotor  for  directing  the 
gas  stream  towards  the  hammer  members,  a  volute  exit  cham- 
ber  adapted  to  receive  the  gas  stream  after  passage  thereof 
past  said  hammer  members  and  means  for  driving  the  rotor  at 
a  speed  so  that  the  velocity  of  the  hammer  members  is  at  least 
twice  that  of  the  speed  of  the  gas  stream  and  particulates 
contacted  by  the  hammer  members. 
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BACKGROUND  OF  THE  INVENTION 

T h i s   i n v e n t i o n   r e l a t e s   to   a  m e t h o d   and  a p p a r a t u s   f o r  

e n h a n c i n g   t h e   f i n e n e s s   of  o v e r s i z e d   p a r t i c u l a t e   m a t t e r  

e n t r a i n e d   in   a  gas   s t r e a m   by  i m p a c t   w i t h   r a p i d l y   r o t a t i n g  

'  hammer   s u r f a c e s   and  more  p a r t i c u l a r l y   to  a  m e t h o d   a n d  

a p p a r a t u s   f o r   r e d u c i n g   t h e   s i z e   of   m i n o r   f r a c t i o n s   o f  

o v e r s i z e d   p a r t i c u l a t e s   e n t r a i n e d   in   a  gas   b o r n e   s t r e a m   o f  

c a r b o n   b l a c k   or   t h e   l i k e .  

I m p a c t   p u l v e r i z a t i o n   of   p a r t i c u l a t e   m a t t e r   has   l o n g  

b e e n   c o n v e n t i o n a l l y   e f f e c t e d   by  i m p a c t i o n   t e c h n i q u e s   i n  

a p p a r a t u s   g e n e r a l l y   d e l i n e a t e d   as  " h a m m e r   m i l l s " .   S u c h  

"hammer   m i l l s " ,   w h i l e   of   w i d e l y   v a r y i n g   c o n s t r u c t i o n   a n d  

n o m e n c l a t u r e ,   n o r m a l l y   e m p l o y   a  p l u r a l i t y   of   r a p i d l y   a d v a n c i n g  

hammer   member   or  o t h e r   p a r t i c l e   i m p a c t i n g   m e m b e r s   p e r i p h e r a l l y  

m o u n t e d   on  a  h i g h   s p e e d   r o t o r   w i t h   c o o p e r a t i n g   means   t o  

i n t r o d u c e   t h e   s o l i d   m a t e r i a l   to   be  c o m m i n u t e d   i n t o   t h e   p a t h   o f  

w h i c h   r a p i d l y   m o v i n g   hammer   m e m b e r s .   Such   s o l i d   m a t e r i a l ,  

u s u a l l y   in   t h e   fo rm  of   l a r g e   s i z e   p a r t i c u l a t e s   i s  

c o n v e n t i o n a l l y   f ed   i n t o   t h e   hammer   p a t h   by  g r a v i t y   or  b y  

c o n v e y o r s   o r ,   in   some  i n s t a n c e s ,   by  a i r   s t r e a m   and  g e n e r a l l y  

in  a  d i r e c t i o n   n o r m a l   to  t h e   t a n g e n t i a l   m o t i o n   of   t h e   r o t a t i n g  

hammer   f a c e s   in  o r d e r   to  o b t a i n   maximum  v e l o c i t y   d i f f e r e n t i a l s  

a n d / o r   maximum  e n e r g y   t r a n s f e r   b e t w e e n   t h e   m o v i n g   hammer   f a c e s  

and  t h e   m a t e r i a l  a o   be  c o m m i n u t e d .  

W h i l e   s u c h   hammer   m i l l s   a r e   w i d e l y   u s e d   f o r   t h e  

c o m m i n u t i o n   of   m a t e r i a l s ,   t h e y   a r e   n o t   p a r t i c u l a r l y   w e l l  

a d a p t e d   to  e f f i c i e n t l y   e f f e c t   t he   s e l e c t i v e   r e d u c t i o n   of  m i n o r  

f r a c t i o n s   of   o v e r s i z e d   p a r t i c u l a t e s   e n t r a i n e d   in   a  gas   b o r n e  

s t r e a m   of   p r e f o r m e d   or  p r e c o m m i n u t e d   p a r t i c u l a t e   m a t t e r .  



W h i l e   t h e   p r e s e n c e   o f   m i n o r   f r a c t i o n s   o f   o v e r s i z e d   p a r t i c u -  

l a t e   m a t e r i a l   w i l l   n o r m a l l y   be  f o u n d ,   in   v a r y i n g   d e g r e e ,   i n  

t h e   o u t p u t   gas   s t r e a m   f rom  c o n v e n t i o n a l   hammer   m i l l s ,   t h e  

p r e s e n c e   o f   s u c h   o v e r s i z e   p a r t i c u l a t e s   i s   p a r t i c u l a r l y  

t r o u b l e s o m e   in   t h e   p r o c e s s i n g   of   c a r b o n   b l a c k   s i n c e   s u c h  

o v e r s i z e d   p a r t i c u l a t e s   a r e   t h e r e   n o r m a l l y   in   t h e   n a t u r e   o f  

u n d e s i r e d   i n p u r i t i e s ,   s u c h   as  s c a l e ,   b r i c k   or  o t h e r   r e a c t i o n  

v e s s e l   m a t e r i a l s   a n d / o r   coke   p a r t i c u l a t e s ,   t h e r e i n   and  t h e i r  

o v e r s i z e   r e s u l t s   in   c e r t a i n   p r o b l e m s   when  t h e   c a r b o n   b l a c k  

p r o d u c t   i s   l a t e r   u s e d   in   d i v e r s e   p h y s i c a l   and  c h e m i c a l  

p r o c e s s e s .  

In   i t s   b r o a d   a s p e c t s   t h e   s u b j e c t   i n v e n t i o n   may  b e  

c o n s i d e r e d   as  an  i m p r o v e d   r a d i a l   f l o w   i m p a c t o r - s e p a r a t o r   u n i t  

i n t o   w h i c h   a  p a r t i c u l a t e   m a t e r i a l   i s   i n t r o d u c e d   e s s e n t i a l l y  

t a n g e n t i a l   to   and   c o d i r e c t i o n a l l y   w i t h   t h e   d i r e c t i o n   o f   i m p a c t  

member   a d v a n c e .  

The  c o d i r e c t i o n a l   f l o w   a s p e c t   of   t h i s   i n v e n t i o n   i s  

c o n t r a r y   to   c o n v e n t i o n a l   t e a c h i n g .   I t   is   c o n v e n t i o n a l l y  

t h o u g h t   t h a t   in   o r d e r   to  m a x i m i z e   i m p a c t   e n e r g y   i t   i s  

d e s i r a b l e   to   f e e d   s u c h   a  p a r t i c u l a t e   b e a r i n g   gas   s t r e a m   in   a  

d i r e c t i o n   o p p o s i t e   t h a t   of   i m p a c t   member   a d v a n c e .  

The  p r e s e n t   i n v e n t o r   has   d e t e r m i n e d ,   h o w e v e r ,   t h a t   i f  

t h e   t i p   s p e e d   o f   t h e   r o t o r   is   s u f f i c i e n t l y   g r e a t e r   t h a n   t h e  

s p e e d   o f   t h e   g a s ,   t h e   l o s s e s   of   i m p a c t   e n e r g y   due  to  t h e  

c o d i r e c t i o n a l i t y   o f   t h e   c o l l i s i o n s   a r e   no t   i m p o r t a n t .   T h i s   i s  

b e c a u s e   t h e   I m p a c t   E n e r g y   is   p r o p o r t i o n a l   to  t h e   s q u a r e   of   t h e  

v e l o c i t y   of   t h e   r o t o r   t i p s   m inus   t h e   s q u a r e   of   t he   v e l o c i t y  

of   t h e   g a s .   T h u s ,   as  l o n g   as  t h e   d i f f e r e n c e   in  t h e   t w o  



v e l o c i t i e s   i s   s u f f i c i e n t ,   t h e   e n e r g y   of   t h e   c o l l i s i o n   p r o v i d e  

s u f f i c i e n t   i m p a c t   e n g e r g y .  

In   i t s   n a r r o w e r   a s p e c t s ,   t h e   s u b j e c t   i n v e n t i o n  

i n c l u d e s   a  r a d i a l   f l o w   i m p a c t o r - s e p a r a t o r   u n i t   i n t o   w h i c h  

p a r t i c u l a t e   b e a r i n g   gas   s t r e a m   b e a r i n g   a  m i n o r   f r a c t i o n   o f  

o v e r s i z e d   p a r t i c u l a t e   m a t e r i a l   is   i n t r o d u c e d   i n t o   an  i m p a c t o r  

zone   a t   a  h i g h   v e l o c i t y ,   as  f o r   e x a m p l e   a t   5000  a t   8 0 0 0  

f t . / m i n . ,   and  u n d e r   t u r b u l e n t   f l o w   c o n d i t i o n s   and  w i t h i n   w h i c h  

zone   t h e   p a r t i c l e   i m p a c t i n g   s u r f a c e s   a r e   a d v a n c i n g   a t   a t   l e a s t  

t w i c e   t h e   s p e e d   of   t h e   i n c o m i n g   gas   s t r e a m   and  d e s i r a b l y   a t   a  

d i f f e r e n t i a l   v e l o c i t y   t h e r e b e t w e e n   of   a t   l e a s t   a b o u t   1 0 , 0 0 0   t o  

1 2 , 0 0 0   f t . / m i n .  

Among  t h e   a d v a n t a g e s   of   t h e   s u b j e c t   i n v e n t i o n   i s   t h e  

p r o v i s i o n   of   an  i m p r o v e d   i m p a c t o r - s e p a r a t o r   u n i t   f o r   s e l e c -  

t i v e l y   r e d u c i n g   t h e   s i z e   of   a  m i n o r   f r a c t i o n   of   o v e r s i z e d  

p a r t i c u l a t e s   e n t r a i n e d   in   a  s t r e a m   of  gas   b o r n e   p a r t i c u l a t e  

m a t e r i a l   and  w i t h i n   w h i c h   t h e   a v a i l a b l e   e n e r g y   a p p e a r s   to  b e  

l a r g e l y   e x p e n d e d   in   t h e   s e l e c t i v e   r e d u c t i o n   of   s a i d   o v e r s i z e d  

p a r t i c u l a t e   m a t e r i a l .   A  p a r t i c u l a r   a d v a n t a g e   a t t e n d a n t   t h e  

u s e   of   t h e   s u b j e c t   i n v e n t i o n   is   t h e   i m p r o v e m e n t   o f   u t i l i t y   a n d  

c o m m e r c i a l   v a l u e   of   c a r b o n   b l a c k   p r o d u c t   t h r o u g h   t h e   s e l e c t i v e  

r e d u c t i o n   of   t h e   s i z e   of   o v e r s i z e d   i m p u r i t i e s   o f t e n   f o u n d  

t h e r e i n ,   s u c h   as  p a r t i c l e s   of   b r i c k ,   s c a l e ,   or  p e t r o l e u m   c o k e ,  

t h a t   e m a n a t e   f rom  t h e   r e a c t o r   v e s s e l s   t o g e t h e r   w i t h   t h e   c a r b o n  

b l a c k   p r o d u c t s   in  t h e   e x i t   gas   s t r e a m   t h e r e f r o m .   A  c o r o l l a r y  

a d v a n t a g e   t h e r e t o   is   a  p e r m i t t e d   e x t e n s i o n   of   t h e   u s e f u l   l i f e  

of  c a r b o n   b l a c k   p r o d u c t i o n   r e a c t o r   v e s s e l s .   A  f u r t h e r  

a d v a n t a g e   of  t h e   s u b j e c t   i n v e n t i o n   is   t h e   m i n i m i z a t i o n ,   i f   n o t  



a v o i d a n c e ,   of  c o a t i n g s   or  o t h e r   u n d e r s i r e d   a c c u m u l a t i o n s   o f  

t h e   f i n e r   s i z e d   p a r t i c u l a t e s ,   s p e c i f i c a l l y   c a r b o n   b l a c k ,  

w i t h i n   t h e   i m p a c t o r - s e p a r a t o r   and  a t t e n d a n t   h i g h   o p e r a t i o n a l  

e f f i c i e n c y   t h e r e o f .  

The  p r i m a r y   o b j e c t   of   t h i s   i n v e n t i o n   is   t h e   p r o v i s i o n  

of   an  i m p r o v e d   c o n s t r u c t i o n   f o r   a  r a d i a l   f l o w   i m p a c t o r -  

s e p a r a t o r   d e v i c e   f o r   e f f e c t i n g   t h e   s e l e c t i v e   c o m m i n u t i o n   o f  

m i n o r   f r a c t i o n s   o f   o v e r s i z e d   p a r t i c u l a t e   m a t e r i a l   in   a  s t r e a m  

of   gas   b o r n e   p a r t i c u l a t e s .  

A n o t h e r   p r i m a r y   o b j e c t   of   t h i s   i n v e n t i o n   i s   t h e  

p r o v i s i o n   o f   an  i m p r o v e d   c o n s t r u c t i o n   f o r   a  r a d i a l   f l o w  

i m p a c t o r - s e p a r a t o r   d e v i c e   f o r   e f f e c t i n g   t h e   s e l e c t i v e  

c o m m i n u t i o n   o f   o v e r s i z e d   p a r t i c u l a t e   m a t e r i a l   in   a  gas   b o r n e  

s t r e a m   o f   c a r b o n   b l a c k .  

O t h e r   o b j e c t s   and  a d v a n t a g e s   of   t h e   s u b j e c t   i n v e n t i o n  

w i l l   b e c o m e   a p p a r e n t   f rom  t h e   f o l l o w i n g   p o r t i o n s   of   t h i s  

s p e c i f i c a t i o n   and  f rom  t h e   a p p e n d e d   d r a w i n g s   w h i c h   i l l u s t r a t e ,  

in   a c c o r d   w i t h   t h e   m a n d a t e   of   t h e   p a t e n t   s t a t u t e s ,   a  p r e s e n t l y  

p r e f e r r e d   c o n s t r u c t i o n   f o r   a  r a d i a l   f l o w   i m p a c t o r - s e p a r a t o r  

d e v i c e   i n c o r p o r a t i n g   t h e   p r i n c i p l e s   of   t h i s   i n v e n t i o n .  

R e f e r r i n g   to   t h e   d r a w i n g s :  

F i g .   1  is   a  s c h e m a t i c   v e r t i c a l   s e c t i o n a l   v i e w   of   a  

s i m p l i f i e d   i m p a c t o r - s e p a r a t o r   r o t o r   a s s e m b l y ;  

F i g .   2  is   a  s c h e m a t i c   s i d e   e l e v a t i o n a l   v i e w   a s  

g e n e r a l l y   t a k e n   on  t h e   l i n e   2-2  of  F i g .   1 ;  

F i g .   3  i s   an  o b l i q u e   v i e w   of   a  p r e s e n t l y   p r e f e r r e d  

e m b o d i m e n t   of   an  i m p a c t o r - s e p a r a t o r   a s s e m b l y   i n c o r p o r a t i n g   t h e  

p r i n c i p l e s   o f   t h i s   i n v e n t i o n ;  



F i g .   4  i s   a  t o p   v i e w ,   p a r t i a l l y   in  s e c t i o n ,   of  t h e  

a s s e m b l y   i l l u s t r a t e d   in   F i g .   3 .  

R e f e r r i n g   to   t h e   d r a w i n g s   and  i n i t i a l l y   to   F i g s .   1 

and  2,  t h e r e   i s   p r o v i d e d   a  h o u s i n g ,   g e n e r a l l y   d e s i g n a t e d   1 0 ,  

in   t h e   fo rm  of   an  e n t r y   v o l u t e   s h e l l   12  and  e x i t   v o l u t e   s h e l l  

14  d i s p o s e d   in   b a c k   to  b a c k   r e l a t i o n   and  s e p a r a t e d   by  a  

c e n t r a l   w a l l   16  h a v i n g   a  c i r c u l a r   a p e r t u r e   18  t h e r e i n .   A s  

i l l u s t r a t e d   t h e   s i z e   and  c o n t o u r   of   t h e   e n t r y   and  e x i t   v o l u t e  

s h e l l s   a r e   p r e f e r a b l y   of   c o m p l i m e n t a l   c h a r a c t e r ,   a l t h o u g h   b o t h  

s i z e   and  c o n t o u r   can   be  s e l e c t i v e l y   v a r i e d   in  a c c o r d   w i t h   t h e  

e x i g e n c i e s   of   u s e   t h e r e o f .   A  d r i v e   s h a f t   20  i s   m o u n t e d   i n  

s u i t a b l e   s h e l l   s u p p o r t e d   b e a r i n g s   22  and  24  and  c o a x i a l l y  

t r a v e r s e s   t h e   o p e n i n g   18  in   c e n t r a l   w a l l   16.   M o u n t e d   on  s h a f t  

20  w i t h i n   t h e   e n t r y   v o l u t e   c h a m b e r   26,   as  s u c h   is   d e f i n e d   b y  

v o l u t e   s h e l l   12  and  c e n t r a l   w a l l   16,   i s   a  r o t o r   28  h a v i n g   a  

p l u r a l i t y   of   hammer   m e m b e r s   30  p e r p e n d i - c u l a r l y   m o u n t e d   on  t h e  

p e r i p h e r y   t h e r e o f .   As  b e s t   shown  in  F i g .   1,  t h e   f r e e   t e r m i n a l  

ends   of   t he   hammer   member s   30  a r e   d i s p o s e d   c l o s e l y   a d j a c e n t   t o  

t h e   m a r g i n a l   f a c i n g   s u r f a c e   of  t h e   p o r t i o n   of  t h e   c e n t r a l   w a l l  

16  d e f i n i n g   t h e   o p e n i n g   18  t h e r e i n   and  t h e   p a t h   of   r o t a t i v e  

d i s p l a c e m e n t   t h e r e o f   i s   p e r i p h e r a l l y   b o u n d e d   by  a  p a i r   o f  

o u t w a r d l y   e x t e n d i n g   s e a l i n g   r i d g e s   or  s h o u l d e r s   32  t h e r e o n   t o  

m i n i m i z e   u n d e s i r e d   gas   and  m a t e r i a l   f l o w   p a s t   t h e   h a m m e r  

member   e n d s .   T h i s   f e a t u r e   is   p a r t i c u l a r l y   a i m e d   a t   m i n i m i z i n g  

t h e   f l o w   of  l a r g e   i m p u r i t y   p a r t i c u l a t e s .   The  s u r f a c e   of   t h e  

r o t o r   b a s e   28  d i s p o s e d   in   s p a c e d   f a c i n g   r e l a t i o n   to  t h e  

o p e n i n g   18  is   a r c u a t e l y   s h a p e d ,   as  a t   34,   to  e n h a n c e   a  

s e l e c t i v e l y   d i r e c t e d   gas   f l o w   f rom  t h e   i n t e r i o r   s i d e   of  t h e  

hammer   members   30  to  and  t h r o u g h   s u c h   o p e n i n g   1 8 .  



As  b e s t   shown  in  F i g .   2  t h e   e n t r y   v o l u t e   c h a m b e r   26  

i s   p r o v i d e d   w i t h   a  t a n g e n t i a l   i n l e t   c o n d u i t   36  h a v i n g   a  

f l a n g e d   t e r m i n a l   end  38  and  a  p l u r a l i t y   o f   a d j u s t a b l e   v a n e s   4 0  

to   p e r m i t   c o n t r o l   o f   t h e   a n g l e   of   e n t r y   of   t h e   i n c o m i n g s   g a s  

s t r e a m .  

A l s o   m o u n t e d   on  d r i v e   s h a f t   20  and  d i s p o s e d   w i t h i n  

t h e   e x i t   v o l u t e   c h a m b e r   50,   as  t h e   l a t t e r   is   d e f i n e d   by  t h e  

e x i t   v o l u t e   s h e l l   14  and  t h e   c e n t r a l   w a l l   16,   i s   a  f a n  

a s s e m b l y   i n c l u d i n g   an  a r c u a t e l y   c o n t o u r e d   hub  52  and  a  

p l u r a l i t y   of   r a d i a l l y   m o u n t e d   b l a d e   m e m b e r s   54  v o l u t e   c h a m b e r  

50  i s   p r o v i d e d   w i t h   a  t a n g e n t i a l   o u t l e t   c o n d u i t   56  h a v i n g   a  

f l a n g e d   t e r m i n a l   end  5 8 .  

As  w i l l   now  be  a p p a r e n t ,   an  i n t a k e   gas   s t r e a m   b e a r i n g  

a  m i n o r   f r a c t i o n   o f   o v e r s i z e d   p a r t i c u l a t e   m a t t e r   is   a d a p t e d   t o  

be  i n t r o d u c e d   a t   h i g h   v e l o c i t y   i n t o   t h e   e n t r y   v o l u t e   c h a m b e r  

26  t h r o u g h   i n t a k e   c o n d u i t   36 .   The  gas   s t r e a m   v e l o c i t y   a n d  

hammer   member   30  v e l o c i t i e s   a r e   of   s u c h   r e l a t i v e   m a g n i t u d e   a s  

to   e f f e c t   s e l e c t i v e   i m p a c t i o n   and  c o m m i n u t i o n   of   t h e   o v e r s i z e d  

p a r t i c u l a t e s   as  t h e   l a t t e r   a r e   i n d u c e d   to  f l o w ,   t o g e t h e r   w i t h  

t h e   gas   s t r e a m ,   t h r o u g h   t h e   e n t r y   v o l u t e   c h a m b e r   26,   t h e  

c o m m i n u t i o n   z o n e   as  d e f i n e d   by  t h e   l o c u s   of   r o t a t i v e   d i s p l a c e -  

men t   o f   t h e   hammer   member s   30,   t h e   c e n t r a l   o p e n i n g   18,   t h e  

e x i t   v o l u t e   c h a m b e r   50  and  t h e   o u t l e t   c o n d u i t   5 6 .  

U n e x p e c t e d l y ,   i t   ha s   a s c e r t a i n e d   t h a t   h i g h e r  

e f f i c i e n c y   o f   c o m m i n u t i o n   and  s e p a r a t i o n   h a v e   b e e n   a c h i e v e d  

when  t h e   gas   s t r e a m   is   d i s p l a c e d   a t   s u f f i c i e n t l y   h i g h  

v e l o c i t i e s   as  to  m a r k e d l y   d e p a r t   f rom  l a m i n a r   f l o w   c o n d i t i o n  



i n t o   h i g h l y   t u r b u l e n t   f l o w   c o n d i t i o n s .   As  p r e v i o u s l y   p o i n t e d  

o u t ,   t h e   i n c o m i n g   o v e r s i z e   p a r t i c u l a t e   b e a r i n g   gas   s t r e a m   i s  

d e s i r a b l y   i n t r o d u c e d   i n t o   i n l e t   c o n d u i t   36  a t   v e l o c i t i e s   i n  

t h e   o r d e r   of   5000  to   8000  f e e t   p e r   m i n u t e   u n d e r   t u r b u l e n t   f l o w  

c o n d i t i o n s   and  w i t h   t h e   hammer   m e m b e r s   30  b e i n g   a d v a n c e d   a t   a t  

l e a s t   t w i c e   t h e   s p e e d   of   t h e   i n c o m i n g   gas   s t r e a m   and  p r e f e r -  

a b l y   a t   a  d i f f e r e n t i a l   v e l o c i t y   t h e r e b e t w e e n   of   a b o u t   1 0 , 0 0 0  

to  1 2 , 0 0 0   f t . / m i n .   C o n t r a r y   to  c o n v e n t i o n a l   b e l i e f ,   t h e   c o -  

d i r e c t i o n a l i t y   of   t h e   gas   and  r o t o r   t i p   v e l o c i t i e s   do  n o t  

i m p e d e   i m p a c t   e f f i c i e n c y ,   so  l o n g   as  t h e   d i f f e r e n c e   b e t w e e n  

r o t o r   t i p   v e l o c i t y   and  gas  s t r e a m   v e l o c i t y   a r e   s u f f i c i e n t l y  

g r e a t .   U n d e r   s u c h   c o n d i t i o n s   s e l e c t i v e   i m p a c t i o n   and  c o m m i -  

n u t i o n   of  o v e r s i z e d   p a r t i c u l a t e s   a p p e a r s   to  be  e f f e c t e d   a n d  

w i t h o u t   a p p r e c i a b l e   e f f e c t   on,   or  e n e r g y   e x p e n d i t u r e   in  c o n -  

j u n c t i o n   w i t h   a  m o d i f i c a t i o n   of  t h e   f i n e r   s i z e d   p a r t i c u l a t e s  

b e i n g   b o r n e   by  s u c h   gas   s t r e a m .  

As  p r e v i o u s l y   p o i n t e d   o u t ,   t h e   s u b j e c t   i n v e n t i o n  

a p p e a r s   to  be  p o s s e s s e d   of   p a r t i c u l a r   u t i l i t y   in  t h e   p r o d u c -  

t i o n   of   a  h i g h   q u a l i t y   c a r b o n   b l a c k   p r o d u c t .   As  c a r b o n   b l a c k  

r e a c t o r s   r e a c h   a  c e r t a i n   s t a g e   of   t h e i r  o p e r a t i n g   l i f e ,   i m p u -  

r i t i e s   in  t h e   fo rm  of   o v e r s i z e d   p a r t i c l e s   of  s c a l e ,   b r i c k ,  

p e t r o l e u m   coke   and  t h e   l i k e   b e c o m e   e n t r a i n e d   in  t h e   e x i t i n g  

gas   s t r e a m   b e a r i n g   t h e   d e s i r e d   c a r b o n   b l a c k   p r o d u c t .   P e t r o l e u m  

coke   p a r t i c l e s   v a r y   w i t h   t h e   q u a l i t y   of  t h e   h y d r o c a r b o n   f e e d  

s t o c k s ,   s a i d   p a r t i c l e s   b e i n g   a  g r e a t e r   p r o b l e m   w i t h   M e x i c a n ,  

C a n a d i a n   and  some  U .S .   o i l ,   t h a n   w i t h   t he   A r a b i a n   o i l s .   I n  



many  o f   t h e   i n t e n d e d   u s e s   of  c a r b o n   b l a c k   p r o d u c t ,   t h e   p r e -  

s e n c e   o f   t h e s e   u n d e s i r e d   o v e r s i z e d   c o n t a m i n a n t s ,   e v e n   w h e n  

c o n s t i t u t i n g   a  v e r y   m i n o r   c o n s t i t u e n t   t h e r e o f ,   r e s u l t   in  a  

s u b s t a n t i a l   d i m i n u t i o n   of   b o t h   p r o d u c t   u t i l i t y   and  i t s  

c o m m e r c i a l   v a l u e .   R e d u c i n g   t h e   s i z e   o f   t h e s e   i m p u r i t y  

p a r t i c l e s   g r e a t l y   i n c r e a s e s   t h e   u t i l i t y   o f   t h e   c a r b o n   b l a c k  

p r o d u c t .  

At  t h e   n a r r o w e s t   p o r t i o n   o f   t h e   i n t a k e   v o l u t e   2 6 ,  

o p t i o n a l   b a c k   o u t   m e a n s ,   g e n e r a l l y   d e s i g n a t e d   60,   may  b e  

p r o v i d e d .   S a i d   b a c k   o u t   means   a r e   i n t e n d e d   to  i n t e r c e p t   a n d  

r e m o v e   p a r t i c u l a r l y   h a r d   to  g r i n d   p a r t i c l e s .   S a i d   b a c k   o u t  

means   may  t a k e   t h e   fo rm  of   an  a u g e r   l i k e   b a c k   ou t   s c r e w ,   o r ,  

as  s h o w n ,   may  be  in  t h e   fo rm  of   a  p a d d l e   t y p e   a i r   l o c k .  

P a d d l e s   61  a r e   m o u n t e d   on  a  c y l i n d r i c a l   hub  62,   and  t h e   a s -  

s e m b l a g e   t h e r e o f   r o t a t e s   in  c h a m b e r   63.   P a r t i c u l a r l y   h e a v y  

p a r t i c l e s   s l i d i n g   a l o n g   t h e   p e r i p h e r y   o f   t h e   v o l u t e   w i l l  

e n t e r   t h e   a i r l o c k   a t   64 ,   w h e r e   t h e   r o t a t i n g   p a d d l e s   61  w i l l  

sweep   t h e   p a r t i c l e s   t o w a r d s   t h e   e x i t   a t   6 5 .  

R e f e r r i n g   now  to  F i g s .   3  and  4,  t h e r e   is   shown  a n  

i m p a c t o r - s e p a r a t o r   a s s e m b l y ,   g e n e r a l l y   d e s i g n a t e d   70  and  o f  

t h e   c h a r a c t e r   d e s c r i b e d   a b o v e ,   as  e m p l o y e d   in  c o n j u n c t i o n   w i t h  

t h e   e f f l u e n t   gas   s t r e a m   f rom  a  c a r b o n   b l a c k   r e a c t i o n ,   w h e r e i n  

t h e   d r i v e   s h a f t   20  i s   d r i v e n ,   t h r o u g h   t r a n s m i s s i o n   72  by  a n  

e l e c t r i c   m o t o r   74 ,   s u i t a b l y   a  h i g h   h o r s e p o w e r   AC  m o t o r .   T h e  

e x h a u s t   d u c t   76  of   a  c a r b o n   b l a c k   r e a c t o r   of  c o n v e n t i o n a l  

c o n s t r u c t i o n   ( n o t   shown)   is   c o n n e c t e d   to  t h e   i n l e t   c o n d u i t   36 

of   t h e   e n t r y   v o l u t e   c h a m b e r   26.   The  i n c o m i n g   gas   s t r e a m  



c o n s t i t u t e s   a  m u l t i p h a s e   f l u i d   made  up  of  t h e   c a r b o n   b l a c k  

r e a c t o r   e x h a u s t   g a s e s   and  a  s o l i d   p h a s e   p r i n c i p a l l y   c o n -  

s t i t u t e d   by  f i n e l y   d i v i d e d   c a r b o n   b l a c k   p a r t i c l e s   and  a  m i n o r  

c o n s t i t u e n t   or  f r a c t i o n   of   o v e r s i z e d   p a r t i c u l a t e   c o n t a m i n a n t s  

p r i m a r i l y   in   t h e   fo rm  of  p a r t i c l e s   of  s c a l e ,   b r i c k ,   coke   o r  

t h e   l i k e .   Such   e f f l u e n t   gas   f l o w   is  moved  a t   a  h i g h   v e l o c i t y ,  

s u i t a b l y   in  t h e   o r d e r   of   5000  to  8000  f t . / m i n .   t h r o u g h   t h e  

d u c t   76  u n d e r   t h e   i m p e t u s   of   t h e   p o s i t i v e   p r e s s u r e   e x t a n t  

w i t h i n   t h e   r e a c t o r   e x h a u s t   s y s t e m   a n d / o r   t h e   i n d u c e m e n t   of  t h e  

r a p i d l y   r o t a t i n g   f an   b l a d e s   54  in   t h e   e x i t   v o l u t e   c h a m b e r   5 0 .  

The  e x h a u s t   d u c t   76  of  t h e   c a r b o n   b l a c k   r e a c t o r   is   o f  

s u f f i c i e n t   l e n g t h   as  f o r   e x a m p l e   at   l e a s t   a b o u t   10  f e e t ,   t o  

p e r m i t   t h e   v e l o c i t y   of   t h e   e n t r a i n e d   c a r b o n   b l a c k   p a r t i c l e s   t o  

c l o s e l y   a p p r o a c h   t h e   v e l o c i t y   of  t h e   gas   s t r e a m   by  t h e   t i m e  

s u c h   p a r t i c l e s   a p p r o a c h   t h e   i n l e t   c o n d u i t   36  to  t h e   e n t r y  

v o l u t e   c h a m b e r   26.  W i t h i n   t he   e n t r y   v o l u t e   c h a m b e r   26,   t h e  

gas   s t r e a m   a s s u m e s   a  more  or  l e s s   s p i r a l   b u t   h i g h l y   t u r b u l e n t  

p a t h   in   a  d i r e c t i o n   g e n e r a l l y   c o n c u r r e n t   to   t h e   d i r e c t i o n   o f  

r o t a t i o n   of  t h e   l a m i n a r   members   30.   W h i l e   no t   as  y e t   f u l l y  

u n d e r s t o o d ,   r o t a t i o n   of   t h e   hammer   m e m b e r s   30  a t   a  s p e e d   of   a t  

l e a s t   t w i c e   t h a t   of  t h e   gas  s t r e a m   and  d e s i r a b l y   a t   a  s p e e d  

d i f f e r e n t i a l   of  f rom  1 0 , 0 0 0   to  1 2 , 0 0 0   f t . / m i n .   a t   t h e   l o c u s   o f  

i m p a c t   e f f e c t s   a  s e l e c t i v e   c o m m i n u t i o n   of  t h e   o v e r s i z e  

p a r t i c u l a t e s   as  t h e   gas   s t r e a m   p a s s e s   t h r o u g h   t he   l o c u s   o f  

hammer   member  d i s p l a c e m e n t   w i t h o u t   any  n o t i c e a b l e   e f f e c t   u p o n  

t h e   main   c a r b o n   b l a c k   p a r t i c u l a t e   c o n s t i t u e n t   a l s o   b e i n g   b o r n e  

by  s a i d   gas  s t r e a m .  



A f t e r   p a s s a g e   t h r o u g h   t h e   l o c u s   of   hammer   m e m b e r  

d i s p l a c e m e n t ,   t h e   gas   s t r e a m   and  t h e   p a r t i c u l a t e   m a t t e r   b e i n g  

c a r r i e d   t h e r e b y   i s   d i r e c t e d   t h r o u g h   t h e   o p e n i n g   18  a n d ,   u n d e r  

t h e   a c t i o n   o f   t h e   r o t a t i n g   f an   b l a d e s   54  and  e x i t   v o l u t e  

c h a m b e r   50  i n t o   an  o u t w a r d l y   d i r e c t e d   s p i r a l   p a t h   f o r   d i s -  

c h a r g e   t h r o u g h   o u t l e t   c o n d u i t   56  to  a  b a g h o u s e   c o l l e c t o r   o r  

o t h e r   s u i t a b l e   f i l t e r i n g   d e v i c e   to  s e p a r a t e   t h e   p a r t i c u l a t e  

m a t t e r   f r o m   t h e   gas   s t r e a m .  



1.  A p p a r a t u s   f o r   e f f e c t i n g   a  s e l e c t i v e   d i m i n u t i o n   of   t h e  

s i z e   of   o v e r s i z e   p a r t i c u l a t e   m a t e r i a l   c o n s t i t u t i n g   a  m i n o r  

f r a c t i o n   of   a  q u a n t i t y   of   f i n e l y   d i v i d e d   p a r t i c u l a t e s   e n -  

t r a i n e d   in   a  m o v i n g   gas   s t r e a m   c o m p r i s i n g  

a  r o t o r   h a v i n g   a  p l u r a l i t y   of   hammer   m e m b e r s   p e r p e n -  

d i c u l a r l y   m o u n t e d   on  t h e   p e r i p h e r y   t h e r e o f   e a c h   i n c l u d i n g   a  

g e n e r a l l y   r e c t a n g u l a r   p l a n a r   i m p a c t   s u r f a c e   a d a p t e d   to  b e  

d i s p l a c e d   a t   a  f i r s t   p r e d e t e r m i n e d   v e l o c i t y   t h r o u g h   a  p a t h   o f  

a d v a n c e   d e f i n i t i v e   of   a  l o c u s   of   p a r t i c l e   i m p a c t   and  c o m -  

m i n u t i o n ,  

a  v o l u t e   s h a p e d   e n t r y   c h a m b e r   d i s p o s e d   in  s u r r o u n d i n g  

r e l a t i o n   to  s a i d   r o t o r   and  to  s a i d   l o c u s   of   p a r t i c l e   i m p a c t  

f o r   s e l e c t i v e l y   d i r e c t i n g   s a i d   gas   s t r e a m   and  p a r t i c u l a t e s  

e n t r a i n e d   t h e r e i n   in  an  i n w a r d l y   d i r e c t e d   s p i r a l   f l o w   p a t t e r n  

s u b s t a n t i a l l y   c o p l a n a r   w i t h   and  t a n g e n t i a l l y   i n t o   t h e   p a t h   o f  

a d v a n c e   of   t h e   i m p a c t   s u r f a c e s   of   s a i d   hammer   m e m b e r s ,   a t   a  

s e c o n d   p r e d e t e r m i n e d   v e l o c i t y ,  



a  v o l u t e   s h a p e d   e x i t   c h a m b e r   d i s p o s e d   d o w n s t r e a m   o f  

s a i d   l o c u s   o f   p a r t i c l e   i m p a c t   and  in   f l u i d   c o m m u n i t i o n   t h e r e -  

w i t h   f o r   r e c e p t i o n   o f   s a i d   gas   s t r e a m   and  p a r t i c u l a t e   m a t e r i a l  

e n t r a i n e d   t h e r e i n   a f t e r   p a s s a g e   t h e r e o f   t h r o u g h   t h e   l o c u s   o f  

p a r t i c l e   i m p a c t ,  

and  means   f o r   a d v a n c i n g   s a i d   i m p a c t   s u r f a c e s   a t   s a i d  

f i r s t   p r e d e t e m i n e d   v e l o c i t y   of   a  m a g n i t u d e   o f   a t   l e a s t   t w i c e  

t h e   m a g n i t u d e   of   s a i d   s e c o n d   p r e d e t e r m i n e d   v e l o c i t y .  

2.  A p p a r a t u s   as  s e t   f o r t h   in   c l a i m   1  i n c l u d i n g   f a n   m e a n s  

d i s p o s e d   in   s a i d   v o l u t e   s h a p e d   e x i t   c h a m b e r   f o r   t h e   f l o w   o f  

s a i d   gas   s t r e a m   and  p a r t i c u l a t e s   e n t r a i n e d   t h e r e i n  

t h r o u g h   s a i d   l o c u s   of   p a r t i c l e   i m p a c t .  

3.  A p p a r a t u s   as  s e t   f o r t h   in   c l a i m   1  f u r t h e r   i n c l u d i n g  

e l o n g a t e   d u c t   means   d i s p o s e d   i n t e r m e d i a t e   a  r e m o t e   s o u r c e   o f  

s a i d   p a r t i c u l a t e   m a t e r i a l   and  s a i d   v o l u t e   s h a p e d   e n t r y  

c h a m b e r   f o r   d i r e c t i n g   t h e   f l o w   of   s a i d   gas  and  p a r t i c l e s  

e n t r a i n e d   t h e r e i n   i n t o   s a i d   e n t r y   c h a m b e r   and  an  i n c r e a s e   i n  

t h e   v e l o c i t y   t h e r e o f   to  s a i d   s e c o n d   p r e d e t e r m i n e d   v e l o c i t y .  

4.  A p p a r a t u s   as  s e t   f o r t h   in   c l a i m   1  w h e r e i n   s a i d  

s e c o n d   p r e d e t e r m i n e d   v e l o c i t y   is  in  t h e   r a n g e   of   f rom  a b o u t  

5 , 0 0 0   to   a b o u t   8 , 0 0 0   f e e t   p e r   m i n u t e .  

5.  A p p a r a t u s   as  s e t   f o r t h   in  c l a i m   1  w h e r e i n   s a i d  

f i n e l y   d i v i d e d   p a r t i c u l a t e s   c o m p r i s e   c a r b o n   b l a c k   and  s a i d  

o v e r s i z e   p a r t i c u l a t e s   c o m p r i s e   u n d e s i r e d   i m p u r i t i e s  

t h e r e i n .  



6.  A p p a r a t u s   as  s e t   f o r t h   in  c l a i m   1  f u r t h e r   i n c l u d i n g  

r e m o v a l   means   f o r   p a r t i c l e s   w h i c h   a r e   r e s i s t a n t   to  c o m -  

m i n u t i o n .  

7.  A p p a r a t u s   as  s e t   f o r t h   in  c l a i m   6  w h e r e i n   s a i d  

r e m o v a l   means  c o m p r i s e s   a  p a d d l e   t y p e   a i r l o c k   m e c h a n i s m  

d i s p o s e d   a t   t h e   n a r r o w   p o r t i o n   of   t h e   v o l u t e .  

8.  A p p a r a t u s   as  s e t   f o r t h   in  c l a i m   6  w h e r e i n   s a i d  

r e m o v a l   means   c o m p r i s e s   a u g e r   means   d i s p o s e d   a t   t h e   n a r r o w  

p o r t i o n   of   t h e   v o l u t e .  

9.  In  a p p a r a t u s   f o r   e f f e c t i n g   a  s e l e c t i v e   d i m i n u t i o n   o f  

t h e   s i z e   of  o v e r s i z e d   p a r t i c u l a t e   m a t e r i a l   c o n s t i t u t i n g   a  

m i n o r   f r a c t i o n   of  a  q u a n t i t y   of  f i n e l y   d i v i d e d   p a r t i c u l a t e  

m a t e r i a l   e n t r a i n e d   in   a  m o v i n g   gas   s t r e a m  

r o t o r   means   f o r   s u c c e s s i v e l y   a d v a n c i n g   a  p l u r a l i t y   o f  

i m p a c t   s u r f a c e s   t h r o u g h   a  l o c u s   of   p a r t i c l e   i m p a c t   a n d  

c o m m i n u t i o n ,   a t   a  f i r s t   p r e d e t e r m i n e d   v e l o c i t y ,   a n d  

h o u s i n g   means   f o r   s e l e c t i v e l y   i n t r o d u c i n g   s a i d   g a s  

s t r e a m   and  t h e   p a r t i c u l a t e   m a t e r i a l   b o r n e   t h e r e b y   a t   a  

s e c o n d   p r e d e t e r m i n e d   v e l o c i t y   no  g r e a t e r   t h a n   one  h a l f  

t h a t   of  s a i d   p r e d e t e r m i n e d   v e l o c i t y   c o d i r e c t i o n a l l y  

w i t h   and  t a n g e n t i a l l y   i n t o   t h e   p a t h   of   a d v a n c e   of  s a i d  

i m p a c t   s u r f a c e s .  

10.   A p p a r a t u s   as  s e t   f o r t h   in  c l a i m   9  w h e r e i n   s a i d   s e c o n d  

p r e d e t e r m i n e d   v e l o c i t y   is  of  a  m a g n i t u d e   of  a b o u t   5 , 0 0 0   t o  

8 , 0 0 0   f e e t   p e r   m i n u t e .  
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